The central Asian country Mongolia is home to more than 20 tribes and ethnic groups, some of which are related to neighboring Turkic populations. The main Mongolian people, Khalkha, live in central and eastern Mongolia while the Tsaatan minority lives in the north of the country. The Oold minority is from the western Altai mountain region and live in close proximity with Turkic people. We have typed the HLA-A, -B, -Cw, -DRB1 and -DQB1 loci by PCR-SSP in these three Mongolian populations as well as a sample of the German population. To examine their genetic relationships, a sample of the Turkish population already typed at the HLA-A, -B and -DRB1 loci were used. Altogether five populations were analyzed: Khalkha (n ¼ 100), Tsaatan (n ¼ 72), Oold (n ¼ 52), German (n ¼ 260) and (Anatolian) Turkish (n ¼ 498). Nei's unbiased genetic identity (GI) and genetic distance (GD) were estimated from genotypes using PopGene v1.31, and dendrograms were constructed using PHYLIP. The results suggested a close relationship of the Khalkha to the Tsaatan. The Turks and Germans were equally distant to all three Mongolian populations. These results confirmed the lack of strong genetic relationship between the Mongols and the Turks despite the close relationship of their languages (Altaic group) and shared historical neighborhood. This study has provided useful population data for genetic and anthropologic studies bridging eastern and western populations.
with the Turkic people of Kazakhstan. Another very small ethnic group, the Khoton, also lives in north-western Mongolia close to the Turkic people (6, 7) . Several studies have investigated the Khalkha and other ethnic groups for their HLA profile (3, 7, 8) . The studies by Chimge et al. (3, 8) used serology for class I loci on 10 major ethnic groups while Munkhbat et al. (7) did a truly molecular study (except the HLA-Cw locus) on the Khalkha and Khoton populations.
In the present study, we aimed to examine the HLA-A, B, -Cw, -DRB1 and DQB1 allele and haplotype frequencies, and linkage disequilibrium patterns in three Mongolian ethnic groups (Khalkha, Tsaatan and Oold) along with a sample of the German population by DNA analysis. The data generated from these samples, as well as the available data from Anatolian Turks, were used to investigate the relationships among the three Mongolian populations and their relationship to the Turkish and German samples. These data should help to better understand the relationship between the populations analyzed and contribute to other anthropological studies involving these populations.
Subjects and methods

Study populations
DNA was obtained from 100 Khalkha, 72 Tsaatan and 52 Oold subjects from Mongolia. All subjects were unrelated and written informed consent was obtained prior to blood withdrawal. These samples and the 260 German samples were HLA-typed in the Interbranch HLA Laboratory in Halle, Germany. The Turkish samples were already typed in two different laboratories in Istanbul (9, 10) . As they showed 0.99 genetic identity (GI), they were pooled (n ¼ 498). 
Molecular HLA typing
Population genetic analysis
Results
General population genetic markers
Allele frequencies
Allele frequencies at the five loci analyzed are presented in Tables 1-5 . These values were used for genetic distance analysis.
At HLA-A, the most common allele was *02 in all four populations.
The second and third most common alleles were *24 and *01, respectively, in the three Mongolian samples. In the Tsaatan, HLA-A*33 had its highest frequency, which was equal to that of *01.
At HLA-B, the B*40 group (including B60 and B61) was the most frequent allele in the Khalkha and Oold. It was the second most common in the Tsaatan after B*58. B*48 and B*54 did not occur in the Germans but were present in all the Mongolian samples at frequencies higher than 2.0%. The common HLA-B alleles in the Germans were B*07 and *08.
The allele frequency distribution at HLA-Cw was relatively uniform in the Mongolian samples. The most common allele was *03 in all three with frequencies greater than 30.0%. HLA-Cw*06 and *07 were very frequent alleles except in the Oold where the second most common allele was *01 (11.5%). In Germany, the most common HLA-Cw allele was *07 because of its LD with B*07 and *08, the two most common HLA-B alleles.
The HLA-DRB1 locus was the most informative because of the presence of high-resolution data. The most frequent DRB1 allele in any Mongolian population was *1101 (13.5% in the Oold), which showed frequencies of 6.5% and 7.6% in the Khalkha and Tsaatan, respectively.
In these two populations, DRB1*0701 was the most common allele (as in Germans). It was noticeable that DRB1*0405 frequency was considerably higher in the Khalkha than in the other Mongolian samples. Similarly, HLA-B*54 frequency was higher in the Khalkha (Table 3) 
Linkage disequilibrium
The data were first analyzed for two-locus LD (Table 6 ). Only those involving alleles with a frequency of > 1.0% and a P-value of 0.01 showed LD in the Khalkha or Tsaatan were repeated in the Oold by increasing the significance level to P < 0.15. Therefore, lack of LD in the Oold in Table 6 The above-mentioned HLA-A-B-DR haplotypes and other common three-locus haplotypes [according to (8) ] were considered for threelocus LD estimation. First, the co-occurrence of the alleles of common three-locus haplotypes was examined. The A-B-DRB1 haplotypes *11-*51-*04; *24-*07-*15; and *02-*51-*11 were excluded from the analysis as they were relatively rare or did not occur in more than one sample. We however, identified the DRB1-DQB1 part of the haplotype A*24-B*07-DRB1*15 at high resolution as *1501-*0602
(three examples in the Khalkha). The haplotype A*02-B*51-DRB1*11 occurred in a total of five samples (four Oold and one Tsaatan), and in four of these, the class II haplotype was DRB1*1101-DQB1*0301.
Four haplotypes were analyzed for three-locus LD ( Table 7) . Out of the four haplotypes analyzed, two were in strong LD in all three
Mongolian samples: A*01-B*37-DRB1*1001 (also in LD in the Germans) and A*11-B*52-DRB1*1502. The other two showed strong LD only in the Khalkha and Tsaatan but not in the Oold: A*02-B*50-DRB1*0701 and A*33-B*58-DRB1*0301.
We also identified the HLA-Cw and DQB1 alleles in these haplotypes (complete five-locus haplotypes) as the following: A*01-B*37-Cw*06- Table 5 Selected two-locus linkage disequilibria in population samples (Á, P) Table 6 times) whereas DRB1*1401 (part of another Mongolian three-locus haplotype) occurred once on this haplotype.
Genetic distance
First, the GD estimates were used to assess the relatedness of the populations (Table 8) 
Table 7
Genetic distance estimations using HLA-A, -B, and -DRB1 genotypes in the five population samples In addition to the frequency analysis, we also performed the twoand three-locus LD analyses to assess population relationships. Most disequilibria were shared by the Khalkha and Tsaatan but not by the Oold, such as the Mongolian haplotype B*54-DRB1*0405, and two of the three-locus haplotypes (Table 7) . This finding was in agreement with other findings that suggested the closer relationship of the Khalkha and Tsaatan. This conclusion is also in agreement with geographical and historical features of the Mongolian population.
The limitations of this study are as follows: the sample sizes for the Mongolian groups are small but for a country with a population of less than 3,000,000 and no fewer than 20 ethnic groups, it is hard to increase the sample size especially for the minority groups. Not all genes are equally suitable for evolutionary relatedness studies (28) .
HLA loci may not be ideal for this kind of study because it is subject to selection but it has been used regularly with success because of its extreme polymorphism [see for example (20) ]. In the present study, we conjointly analyzed class I and class II loci although these two groups of HLA loci may differ in their information content in phylogenetic studies. Ideally HLA haplotypes should be used rather than alleles in these studies, as the unit of inheritance for the HLA system is the haplotype but not the allele. Different populations may have similar allele frequencies despite having their characteristic haplotypes. As this will require large sample sizes and should ideally include complete families, it may not be possible to reach this ideal for some time.
The increasing use of HLA data in genetic distance analysis requires a cautionary note. Ideally a genetic distance study should involve multiple and independent loci (28, 29) . An appropriate approach may be to combine the HLA data with data from another locus or loci elsewhere in the genome. This is not frequently done in HLA studies. When HLA data are used in isolation, it becomes important that congruence among the genetic, geographical, anthropological and linguistic data is established. This would be equivalent to biological plausibility of the conclusions reached in other types genetic studies. In the present study, the genetic data showed the pattern expected from non-genetic data with the exception of the disagreement with linguistic data for Mongols and Turks, which also has some explanation.
This study provided genetic data from a large number of samples with highly distinct historical and geographical features. The HLA allele and haplotype profile of the Mongolian people was further refined. It was possible to show the affinities among the Mongolian peoples. One major conclusion is that despite a shared central Asian history and common linguistic features, Turks and Mongolians are not genetically related.
Although not the first one [see for example (17) ], this is an unusual example of disagreement between linguistic and genetic data but not unexpected in view of Turkish history in the last millennium.
